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In preparation for the 2006 XSD Scientific Software workshop, our committee sent a
survey on June 16 to 100 users in the APS user community. This report contains the
survey and the responses we received. The responses are presented in the order received.
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2006 XSD Scientific Software Workshop User Survey

June 13, 2006
Dear Col | eague,

We have been asked by the XSD Division to organize a workshop to
determi ne our fundanental needs and opportunities in scientific
software systens for x-ray data reduction, analysis, nodeling and
simul ati on. The workshop has been schedul ed for August 29, 2006 at the
Advanced Photon Source.

In order to prepare for this workshop we would |ike your input on what
you see as the needs and opportunities for scientific software

devel opnent at the APS and in the X-ray community, as well as

i nformati on that woul d support naking a funding proposal for such
resources. In particular

1. What are the linitations of current tools for
X-ray data reduction, analysis, nodeling, and sinulation?

2. What additional tools are needed?

3. How can the existing tools be inproved?

4. What will nost affect the scientific inpact of your work?

We realize you have a busy schedul e and appreciate your taking time to
address these i ssues. W need the responses by

Thur sday, June 22. Pl ease direct your responses to:

Xrays at aps.anl.gov

Thank you,

2006 XSD Scientific Software Wrkshop Organizing Conmittee
Kenneth Evans, Jr. <evans at aps.anl.gov>
Francesco De Carlo <decarl o at aps.anl.gov>
Pete Jem an <jem an at anl.gov>
Jonat han Lang <l ang at aps. anl . gov>
Urich Lienert <lienert at aps.anl.gov>
John Macl ean <jfm at aps.anl.gov>
Matt Newille <newille at cars. uchi cago. edu>
Brian Janmes Tienman <tienan at aps. anl.gov>
Brian H Toby <toby at anl.gov>
M chel A. Van Veenendaal <michel at aps.anl.gov>
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Response from Harald Sinn

Dear wor kshop organi zers,

as far as the need for nmeV-1XS, | sunmarized

the need in the LDRD pre-proposal that | attach with
this mail

In short, the idea is to develop our software for the
HERI X i nstrunment withing the neutron DANSE

pr ogr am package.

Har al d
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A Unified Data Evaluation for Inelastic X-Ray and Neutron Scattering

Pls: Harald Sinn" (APS, Sector30: HERIX), Ahmet Alatas (APS, Sector 3: Inelastic
Spectrometer), Alexander Kolesnikov (IPNS: HRMECS), Chris Benmore (IPNS: GLAD
and APS), Chun-Loong (IPNS: QENS)

Argonne National Laboratory, 9700 S. Cass Ave, Argonne, IL 60439

Description: Inelastic X-ray scattering (IXS) with meV-resolution has become a very
successful technique at 3 generation synchrotron sources around the world. Using hard
X-rays of about 20 keV, an energy resolution better than 2 meV is now routinely
achievable. IXS is conceptually similar to triple axes inelastic neutron spectroscopy,
however, there are some important differences. Since I XS scatters off the electronsin the
sample, the cross sections are quite different from those in neutron scattering. Therefore,
for certain samples where the coherent cross section is very difficult or impossible to
study with neutron scattering, such as biological samples, He®, V or Pu, IXS can
contribute significantly. In addition, the high luminosity of X-rays offer the possibility of
micro-focusing, allowing studying small samples, e.g. small crystallites, nanostructures
or samples under high pressure and high temperatures.

Despite its success in the synchrotron community, only few groups from the neutron
scattering community use IXS as a regular part of their research program. One of the
reasons is that data collection and analysis programs currently used in IXS are beamline
specific and not as accessible as the software used for neutron scattering experiments.

With the new inelastic X-ray spectrometer HERIX coming up at the APS, offering an
energy resolution down to 1 meV at nine analyzers simultaneously, Argonne National
Laboratory will take alead in the field of inelastic X-ray scattering. In order to connect to
the well established user community of inelastic neutron scattering, we propose to
develop data evaluation software for IXS instruments that is compatible with neutron
scattering software, in particular | SAW, which is presently used at IPNS, and DANSE, a
new software project for SNS, where currently four new inelastic neutron spectrometers
are being built.

Description of the effort: We anticipate that one postdoc over a period of 2 years with a
possible extension to a total of 3 years will work on the software projects described
above. A bi-monthly meeting with the involved ANL instrument scientists will monitor
the progress being made.

In addition to the effort in software development, this postdoc should also pursue an
active research program using 1XS and inelastic neutron scattering capabilities at APS,
IPNS and elsewhere. Examples for areas of scientific interest are: Dynamics in confined
liquids, liquids and glasses under high pressure, and phonons in crystaline materials
under extreme conditions.

Funding needed: 1 postdoc position or ¥z staff position over 3 years (80k$/year).
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e sinn@aps.anl.gov , phone: 630 252 9137
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Response from Bruce Ravel

I think I conme at this survey froma different perspective than many
of your respondents. Many of ny software needs are nmet by ny own work
and by ny collaboration with one of the menbers of your committee.

G ven that background, the nost serious shortcomngs | see in the
software | andscape are infrastructural rather than end product. | see
three big areas that need attention. 1'Il illustrate these by exanple
fromm own experience

Fundanment al data

One of ny software efforts is a little tool based on the periodic
table and on tables of x-ray absorption coefficients. Hephaestus
(nmost of my prograns have nanes that cone froma mnor obsession
with nythology) tries to provide many of the small but useful

cal cul ati ons that one needs while preparing for an XAS experinent or
while sitting at the beamline. It does the additional interesting
thing of incorporating five different tabul ations of absorption
coefficients, thus allowing the user to conpare and contrast.

VWhen | started witing Hephaestus, these various tabul ati ons existed
in a variety of inconvenient forns. One had been transcribed froma
paper publication into a Fortran program Three others were hidden
behi nd web interfaces, each using a collection of data files, one
per elenent, as the repository of the information. The nost
recently published was an oddly formatted flat text file available
as the supplenmentary information fromthe journal in which it was
publ i shed. What a ness!

| gathered these various resources together and wote a bunch of
one-of f scripts to convert all of the data into a database. | then
encapsul ated these data behind a bit of OO code witten in the sane
| anguage as Hephaestus. That served ny purpose very well -- | was
able to access data fromany resource with a common interface. MW
sol ution, however, serves other devel opers very poorly -- unless

t hey happen to choose the same progranm ng | anguage | use.

The APS could serve its users very well by identifying information
fundanmental to the various experinmental disciplines, encapsul ating
that data into a package using a | owl evel |anguage, and providing a
ni ce wrappi ng mechani smsuch that the information can be deployed in
any context and using any programing | anguage. The nodel | have in
mnd is a database + a wapper witten in C SWG could then be
used wi th al nost any | anguage.

APl's to theory cal cul ations

Theory is great! Wthout it, we would be stunped by nost of what we
nmeasure at the APS. As great as theory is, it is all-too-often
witten by brilliant scientists with no training in computer

sci ence. The consequence is that many theory packages are cl unky,
nonol i thic bl ack boxes that are difficult to deploy in context that
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t heir devel opers did not think of.

My main experience is with Feff, a popular, first-principles,
absorption spectroscopy program \Wen version 5 appeared back in
the early 90s, it was a hit and fueled a rapid devel opnent of the
XAS technique. Sadly, Feff renmains stuck in the early 90s froma
user interface perspective. Information goes into Feff via a flat
text input file and information comes out of Feff via inconsistently
formatted flat text files. Subsequent software devel oped to use
Feff as its theory engine nust deal with a clunmsy and fragile system
of file-based IO and systemcalls.

Feff woul d be rmuch nore powerful with some kind of API. One part of
t he code uses previously-conputed atomc potentials to calculate the
contribution froma nultiple scattering geonetry given a set of
atom c coordinates. As a part of data analysis package, it would be
attractive to be able to nbve atom positions and reconpute the
contribution on the fly. Currently, such a thing requires file IO
and systemcalls. The capacity to do this via an APl would all ow

t he devel opment of different, interesting analysis software.

| fully understand that Feff is a poor exanple of sonething that the
APS could work on. Feff is the research project of a particular

uni versity research group and is encunbered with a restrictive
license. The point of this exanple was to illustrate a way in which
a dedi cated synchrotron software group could serve its constituency
by maki ng extablished theory avail able for novel uses.

Docunentation of file formats

VWhen | collect inmaging data from2ID-D, I come home with maps in the
nda file format. Fortunately, | get to use Stefan Vogt's MAPS to

i mport these files and to export individual pixel spectra in a

easi er-to-use format.

But ... what's an nda file? Perhaps its contents are docunented
somewhere, but that place isn't easy to find. Perhaps | don't
googl e cleverly enough, but | was never able to find any

docunentation on its contents. It nmay have been hel pful to ne to be
able to exam ne the data independently of MAPS, but | never had that
option. | amnot opposed to big, binary blobs in principle. But

wi t hout docunentation and a clean API, they are not particularly
useful .

Good docunentation of file formats used on the floor and a central

easy-to-locate respository of informati on would be very usefu
i ndeed.

2006 XSD Scientific Software Workshop User Survey Page 8 of 44



There is a thene to this Iong-wi nded enail. None of ny concerns are
about end-user software products. Each is about the things that are
used to build end-user software products. The APS draws |ots of
clever, notivated people to its doors. Wre those clever, notivated
peopl e given nice tools, they could build great things.

Hope that hel ps,
B

Bruce Ravel ----------mmiii bravel at anl.gov

Mol ecul ar Envi ronmental Science Group, Building 203, Room E-165
MRCAT, Sector 10, Advanced Photon Source, Building 433, Room BOO7

Argonne National Laboratory phone and voice mail: (1) 630 252
5033

Argonne I L 60439, USA fax: (1) 630 252
9793

My honepage: http://cars9. uchi cago. edu/ ~rave

EXAFS software: http://cars9.uchi cago. edu/ ~ravel / sof t war e/ exaf s/
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Response from Yong Chu

Dear Col | eagues,

The software and data handling/storage are of significant inportance to
me and ny col |l aborators. W routinely produce over 10-50 Goytes of
data per day, when we are consci ous about saving only the useful data.
The followi ng issues are inportant to ne.

1) fast saving of data for the acquisition so that the bottl enect of
the data collection is not on the saving tine.

2) backup and safe storage of |arge amount of data (100~200 Ghytes over
per week).

3) inplenentation of the inmaging process software (that we devel oped in
IGOR) into a better platform (such as Java or others) so that the
software can be distributed easily w thout copy right issues.

4) find a way to run the imagi ng processing software on faster nachine
with a close tie with the data acquisition (i.e. as soon as the data
are collected, they are processed and the results can be viewed).

Pl ease |l et me know how | can give ny input to the Scientific Software
Wor kshop.
Si nerely,

Yong Chu
630- 252- 0150
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Response from Jan llavsky

>
>1. What are the limtations of current tools for
> x-ray data reduction, analysis, nodeling, and sinulation?

There is no systemto available tools - nmissing is:
1. central data base with description, exanples, capabilities
2. central downl oad server with backup of ol der versions

Fi ndi ng necessary tool is currently detective work of searching papers,
asking col | eagues, etc... Does not guarantee, that one will actually
find all (or nost) of available appropriate tools..

In nore general ternms, the software avail able is patchwork of prograns
devel oped on different systens, by different groups, with different
QUs and file formats, etc. Very difficult to get themwork correctly
in nore conplicated problem

>2. What additional tools are needed?

More than what particular tools - systemis needed. System where one
can use nodul es appropriate for particular step in data
processi ng/ anal ysi s. .

>3. How can the existing tools be inproved?

Have central support - what | nean to have way of finding help in case
| need to use existing software which | do not understand. May be have
dat abase of "l ocal experts"? |If sonmeone has problemwth

Fit2D (for exanple), who is local here with "expert" know edge - and
willing to help ne?

Oh yes, and having manual s woul d be useful... But that is another
probl em
>4. \What will nost affect the scientific inmpact of your work?

I f soneone else will develop tools nmy users need :-D

More realistically, if | can be sure that others will be devel opi ng
tools conpatible to what | develop. O may be the other way around - if
| could be developing tools in an environnment (=systen), in which I
woul d be sure they can be used with software fromothers... W
duplicate our efforts too nuch.

Jan

R S Sk S R S b S Rk b S R R S b S S b S R

Dr. Jan Il avsky, physicist
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X-Ray Sci ence Division

Advanced Photon Source

Argonne National Laboratory

9700 S. Cass Avenue, bldg 438E

Argonne, |L 60439, USA

busi ness nmobile (630) 774 8814

office (630) 252-0866

(630) 252-0862 (Fax)

i lavsky at aps. anl. gov

SMS: 6307748814 at nessagi ng. nextel . com

web page:

WWW. uni . aps. anl . gov/ ~i | avsky

Indra 2 web page: www. uni.aps. anl.gov/~ilavsky/indra_2. htm
Irena 2 web page: http://ww. uni.aps.anl.gov/~ilavsky/irena. htn
SAS web page: WWW. uni . aps. anl . gov/ ~i | avsky/ sas. ht

USAXS web page: http://ww. uni.aps. anl.gov/ usaxs/

APS snual | -angl e page: http://small-angle. aps. anl. gov/
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Response from Gene Ice

> 1. What are the linitations of current tools for
> x-ray data reduction, analysis, nobdeling, and sinulation?

Software for polychromatic microdiffraction is one-of-a-kind and
primtive inits ability to pass information fromone part of the
experiment to another. There is a need to sinplify the user franmework
wi thout losing flexibility. Jon Tischler has lots of ideas on howthis
can be acconplished but little tine. This is a worldw de problemwth
new i nstrunents of the sanme class being devel oped around the world. W
bel i eve an international collaboration-which we are fostering- wll
allow for nore user friendly, powerful and robust data analysis. Right
now, only a few scientists can analyze data after it is collected. This
is a tragedy and should not be the situation. The data shoul d be

anal yzed as it is taken.

VvV V

2. VWhat additional tools are needed?

Automated fit to elastic strain with uncertainties

Aut omat ed uncertainties for orientation

Automated fit to dislocations

Automated fit to sinultaneous elastic and plastic defornation

Real -tine data anal ysis

. Energy scan aut omated phase determ nation (in collaboration with
hi gh pressure community)

7. Build in the ability to accept and parse data at much hi gher frane
rates (~100 Hz).

>

> 3. How can the existing tools be inproved?

>

1. Build a framework that is robust and has standal one nodul es that can
be worked on by worl dwi de comunity

> 4. What will nost affect the scientific inpact of your work?

>

Pol ychromatic microdiffraction already provides unique information
Wth the inprovenents above we believe we can revol utionize our
understanding of materials. Qur facility is incredibly productive as
is, but with these inprovenents it will becone flooded with proposals
and wi th groundbreaking scientists and will be nmuch nore useful for
out si de users. These inprovenents should increase productivity by a
factor of 2 to 3!

oukwnhE
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Response from Ward Smith

In regard to Scientific Software Workshop | would nake the follow ng
poi nt s,

Conmmon format for raw data (i.e. inmmges); an initiative by the Anerican
Crystal | ographi c Assoc has begun and will include as many different
types of raw data as possible, not only crystallographic data. See for
exanpl e WK. 02 at

http://ww. xray. chem ufl . edu/ aca2006/ pri vat e/ FebCFP. pdf

Data archiving - a major issue for some of us with large fornmat CCD
detectors - up to 36Miytes every few seconds up to 200+ Goytes per 24
hour s.

War d
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Response from Paul G. Evans

W' ve been spending a fair ampbunt of tine working between the slices of
reci procal space acquired in CCD detectors and useful reciprocal space
maps. This is a problemthat everyone using CCDs to do thin film
diffraction faces, and sonething that 1've seen limting peoples

experi ment.

Basically, the idea is that the stack of CCD i mages covers a vol une of
reci procal space - which is really useful. But the two axes of each

i mge are often not particularly useful scientifically and the nost
useful maps have to be nade by integrating across several images. |'lI
find a picture of what |I'mtal ki ng about.

A tool to integrate across several images in a general way woul d be
fantastic.

Paul
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Response from Jon Tischler

The point that could have the greatest inpact would be to get the
witten is a manner that is uniformacross the facility. This way,

anal yzing data, particularly the i mediate anal ysis during an
experinment could happen nore efficiently. Right now there are nultiple
prograns that take data, all in their own fashion, and even for one
program there is no consensus on howto use it to save data (e.g. spec
is used nmultiple ways here).

Si npl e things, such as naming the channels in spec (is incident beam
intensity called, lo, 10, iQ io, ion, ionc, ...7?). |Is the scattered
beam detector (scint, det, bicron, Bicron, detector, oxford, signal

Nal, ...?) |Is the detector a photon counter (which needs a dead tine
correction) or is it an integrating detector? Even little things like
this can bring sone sanity to the analysis. It is not enough to have a
description of the detectors, but a dependabl e naning (or sonme neans of
identification) is needed so that at analysis tine the conputer will
know what it is. People will spend weeks witing routines to operate
an experinent, and only mnutes on a way to wite the data This |ack
becones evident when it is tinme to analyze the results; especially when
sonething is added or changed in the data file. |'ve even heard that
sone people are still using two colum files without any headers,
because it was once easy to wite. | guess they deserve what they get.

Conti nued support for EPICS is essential, it is one of the few things
that can be depended upon to work in nore than one experinment.

EPICS is good for controlling things, but is no good at taking data.
Shoul d the issue of data collection be revisited?

Jon
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Response from Lyle Levine

The two beamines that | use heavily are 331D and 34| D

USAXS on 33ID: This is a perfect nodel for how x-ray data reduction
anal ysi s, nodeling, and sinulation should be done. A conplete set of
user-friendly analysis and nodeling tools are available to all users
and good docunentation was given a high priority. Many (probably nost)
users are not experts in X-ray physics and such software tools greatly
enhance the useful ness of the beaniine.

DAXM on 341 D. The experinmental design of this beamine is excellent,
but the data reduction and nodeling tools are virtually inaccessible to
users. The problens have 2 main conponents:

1) Data sets are extrenely |arge, making access difficult. Raw data
can only be provided to users on nany DVD s.

2) Even if the users take their data with themto their hone
institutions, the only software for interpreting the data exists at the
APS, in the formof user-unfriendly routines that require an expert to
run them and that cannot readily be used el sewhere.

Suggest ed sol ution:

1) User-friendly, docunmented analysis prograns are critically needed.

2) Users require access to both theses analysis prograns and to their
data, either through the web or at their hone institutions. |[|f web
access is unfeasible, then the analysis prograns nust be witten to run
on the nobst generic conputer systens possible such as Wndow XP boxes
and be provided as execut abl es.

Regar ds,
Lyl e Levine
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Response from Randy Alkire

To the committee:

*1. What are the limtations of current tools for
x-ray data reduction, analysis, nodeling, and sinulation?

Speaki ng for nyself and not SBC directly, it is ny opinion that nost of
the protein crystallographic beanmines are using software devel oped by
third parties. W have a collaboration with HKL3000 devel opers to work
on data collection, data processing and data reduction. Because we are
a beta test site, nobst of the cutting edge processing and reduction
software is not released to our users until fully tested. This gives
us an advantage in the short termwhich we use to inprove our
operations. Because the requirenments for devel oping this kind of
software are highly specialized, it is unlikely APS personnel would be
abl e to add anyt hing neani ngful to the existing packages we al ready
use.

*2. What additional tools are needed?

Due to the age of our beamine we need to conpletely re-work the notor
hardware and software. Qur conmponents are end-of-life and we woul d
benefit from any resources available fromthe APS that aids this

[ engthy integration step, including newtools and techniques for
integrating scalers and fast scanni ng techni ques.

*4, What will nost affect the scientific inmpact of your work?

We woul d benefit greatly by inproved data collection and optics

noni toring hardware, including capabilities that would allow real -tine
noni toring of the beam | ocation, reduced source vibration and hi gh-
preci si on goni oneter synchroni zation. W would also greatly benefit by
an inproved col d-stream design that allows real-time nonitoring of
nitrogen flow and tenperature.

If this is just about software, we could benefit frominproved
fluorescence scanning and nonitoring, including an enbedded MCA. W
woul d benefit by having scanning software devel oped that would all ow
nmul ti pl e pass scans, have well integrated plotting software and all ow
hi gh- speed scanni ng. Linkage to hi gh-speed scanning nmay be rel ated
back to the notor operations.

Sonetimes advice is all that we need. However, if there were a set of
exi sting beamine controls that could be adapted to help setup the
beamine in a rapid tinme frane or naintain its optimal alignnent, say
after a node change, this would be useful to all our users.

Randy
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Response from Daniel Haskel

1. What are the linitations of current tools for
x-ray data reduction, analysis, nobdeling, and sinulation?

Per haps a distinction between needs during the experinment and after it
is in place. | believe there is a need for a flexible package for data
mani pul ation for the beamines to be used to evaluate the quality of
data and perhaps sone prelimnary analysis. Sone of this is too
specific to inmplenent in a broad sense, |ike XAFS and powder
diffraction, and there already exists good packages for that (ATHENA
ARTHEM S, IFEFFIT etc...). | see need for a package that can read in
nultiple files, operate on columms within a single file or between
files, performing a | arge nunber of nmathenmatical operations (log,
derivative, smoothing, integrals). This should be acconpanied by a nice
GU with good plotting capabilities, allowing plotting of data col ums
frommltiple files, results of operations, zoom ng, cross-hairs, etc.

A nunber of packages do sone of this, such as Newplot or the data
processing capability within XOP (XPLOT). Both of these handl e SPEC
files, they can plot colums fromnore than one file, but they can't
operate between columms fromdifferent files. A very sinple exanple is
wanting to calculate the rns variation in sone data using 5 consecutive
neasurenents. Another is to take the difference between two data sets
taken with opposite applied field directions. Yet another is to fit a
pol ynom al background to a data set, subtract the background fromthe
data, and save/pl ot the background-corrected data. These are al
"trivial" things that we all do with our favorites IDL routines, C
PLOT, spreadsheets, or whatever it nmay be, but | don't believe that we
have here at the APS a GUI/data mani pul ati on software for the beanlines
that is generic enough that it can be effectively used by all. Newpl ot
seens to be a good beginning, but it is far frombeing very useful

My personal opinion is that good beam i ne-based dat a- mani pul ati on
software is very inportant to nmake the user's experience the best it
can be. This largely falls on the beamine scientists, resulting in
various sector-specific tools which make it harder for an experinenter
to nove fromsector to sector. A generic powerful package for data
mani pul ation will be a huge i nprovenent to all beaniines.

2. What additional tools are needed?

See no. 1

3. How can the existing tools be inproved?

See no. 1

4. What will nost affect the scientific inmpact of your work?

Sone users, especially those newto the synchrotron radi ati on arena,
need lots of help with data analysis. Since the beamine scientist tine

islimted, this delays the turn around time between experinent and
publication a lot. It mght be worth considering having a coupl e of
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people in the theory group that do nodeling/data analysis work in a
couple of mmjor areas such as scattering and spectroscopy. These peopl e
will be strong in nodeling and could work with users that need help in
nodel ing their data. |1'mnot tal ki ng about exoteric theory but sinply
help wi th anal yzing data. Qutreach activities such as sunmer school s,
etc, to train people in the use of existing/new packages is also a
great conplenentary way to pursue this problem

Dr. Daniel Haskel
Physi ci st, Magnetic Materials group

Advanced Photon Source, Bl dg.431/E008
Argonne National Laboratory

9700 S. Cass Ave.

Argonne, |L 60439, USA

Tel : (630) 252-7758
Fax; (630) 252-7392

http: //ww. aps. anl . gov/ xf d/ peopl e/ haskel / dani . ht m
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Response from Wenjun Liu

G ad to know that there will be an XSD scientific software Wrkshop
soon.

Here are some of ny thoughts on inproving data processing capability
for analyzing large sets of synchrotron three-di nmensional imaging data
at 34-ID-E nmicrodiffracti on beani ne.

The major research activities in the beamine 34-1D-E invol ve

devel opnent of new m cro/ nano-diffraction techni ques for
characterization and microscopy for condensed natter physics and

mat eri al sciences. Three-dinmensional micro-diffraction provides
structural information of materials with better than 1 micron spati al
resolution in all three dinensions enabling detail ed studies of
fundanment al deformati on processes, basic grain-growh behavior, and
smal | scal e structures.

The unique capabilities of 3D mcro-diffraction probe will continue to
be i nmproved to neet user denmands, including enhanced capabilities of
fast data collection and process and nore user-friendly anal yzing
software i nprovenent.

1. Enhanced capabilities of fast data collection and process:

Current comrercially avail able CCD detectors appropriate for 3D m cro-
di ffraction needs collect data at speed of >10MB/sec. To process the

i mage data at these rates and enable real tine in-situ neasurenents
requi res enhanced conputing capability. A cluster conputer with high-
speed network connections will be a solution. To take the advantage of
paral l el computing on cluster, supporting software devel opment and
integration into existing analyzing software are essenti al

2. User-friendly analyzing software inprovenent:

The current 3D micro-diffraction anal yzing software package was

devel oped by Cak Ri dge National Lab using IDL | anguage. ORNL, as
partner user of the beam ine working together with APS beamniine staff,
wi || continue devel oping the existing software to nake it nore user
friendly and efficient for fast data processing.

Recent plan includes nodification of existing nodules and possible
redesi gn of the software architecture to neet parallel conputing needs.

We believe that all these will continue the excellent scientific
research and devel opnent and provide dramatically increased user

t hr oughput not for 34-1D-E beanline only, but also for the grow ng
conmunity of 3-D x-ray microdiffraction world w de.

Thanks,

Wenj un Liu, Ph. D
Beanl i ne Scienti st
Bui | di ng 438D
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Advanced Photon Source
Argonne National Laboratory
9700 South Cass Avenue
Argonne, |L 60439
E-mail: wjliu at anl.gov
Tel : (630) 252- 0890 (office)
(630) 252- 1834 (beanline)
Fax: (630) 252- 0862
http://ww. uni.aps.anl.gov/ mcrodiff/
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Response from Jan P. Hessler

| hope the attached covers our previous discussion.
As al ways, any questions, just call.

Jan

Jan P. Hessler, Ph.D.
Chemistry Division

Argonne National Laboratory
9700 South Cass Avenue
Argonne, |llinois 60439-4831
Voi ce 1-630-252-3717

FAX: 1-630-252-4470
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To: XSD Scientific Software Wrkshop Organizing Conmittee
From Jan P. Hessler, Chemistry Division
Subj ect: Needs and Opportunities for Scientific Software Devel opnent

These comments stem from ny recent experiences with Small-Angle X-ray
Scattering,
SAXS, and ny long interest in data reduction

1. During an experiment it is essential that the scientists have the
capability to view their results as quickly as possible. For SAXS this
involves nore than just looking at a plot of intensity (arbitrary
units) vs. transferred nmonentum (1/nny. The arbitrary units have to be
converted into absolute units and sonme initial data reduction must be
avail able. The nore detailed the data reduction the better. Basically,
the scientist nust be able to determine that (1) the data is
publishable and (2) the data answers the question the experinent was
designed to address. Unfortunately, these questions nust be answered
qui ckly so the scientist can, if needed, nodify the experiment.

2. Wien a user conpletes a series of experinments at the APS the files
of data nmust be conplete, easily understood, and ready for further data
reduction. By conplete | nean that every inportant paraneter is
avail able and that calibrations, for exanple of the detectors, are
traceabl e. Docunentation nust be available that details how al

calcul ations were perfornmed. Finally, data reduction requires realistic
estimates of the experinental uncertainties. Finally, the user nust be
able to conpare and contrast data taken at the APS with data taken at

ot her synchrotron facilities and, per haps, neutron scattering
facilities. | know that | am stating the obvious. However, | also know
that at |east one user is dissatisfied with their experience at the APS
and will not return unless these conditions are neet.

3. Users nust be able to reduce their data with many different software
tools from many different sources. For exanple, at a recent conference
| presented ny data, another speaker presented data taken at the ESRF,
and a third data taken at a neutron scattering facility. Wen we
reduced our data, we all used different approaches. O course, we al
got different answers and drew different conclusions. At the end one
partici pant commented that he was not going to take any of our results
seriously until we had used the sane data reduction techniques. This is
a fair criticismand it denbnstrates the need to have nmany different
software packages available. After the conference we exchanged our
data, but we should be able to address these issues before a
conference, not after.

4. State-of-the-art data reduction techniques nust be nmade available to
researchers during the experinment and after it is conpleted. For
exanpl e, one of the best ways to estimate the uncertainties in the
paraneters of a nodel is to performa Mnte Carlo analysis by rerunning
the data reduction many tinmes. This is best done with a cluster of
processors where each processor perforns a single reduction. Therefore,
we should have a cluster of at I|east 1024 processors. This cluster
shoul d be available to all users both during their experinent and from
their home site.

5. As our understanding in certain areas progresses, sinulations are
going to be relied upon to design experinents. These sinulations nust
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i nclude not only the different nodels that are being tested, but also a
realistic estimte of the noise in an experiment. At least two
guestions rmust be answered: (1) WII this experinment distinguish
bet ween one or nore different nodels? (2) Is the anticipated signal-to-
noise ratio sufficient to provide an unanbi guous answer?
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Response from Henning Friis Poulsen

In this mail I'lIl summarise nmy reconmendation for an APS software
strategy within the field of hard x-ray materials i maging. My
background is 15 years of synchrotron instrunentati on and devel opnent
mainly in Europe. In particular our group has collaborated closely with
ESRF on al gorithm devel opnment and automation at the Materials Science
beam ine I D11. My connection with APSis mainly via a 3 year |ong

devel opnent project at Sector 1-1D

The thoughts on inplenentation below originate to a |arge degree from
Andy Gtz at ESRF and from Sgren Schmidt at Risg

Rel evance

I magi ng of naterials (in the broadest sense of the word including

di ffraction, fluorescence, phase ... contrast and includi ng use of

t onogr aphi ¢ reconstruction as well as scanning principles) is one of
the great success stories of third generations synchrotrons. Wth new
capabilities |ike nano-characterisation and with increased awareness in
the materials science community, the user group is bound to increase.

Put schematically, the field faces three challenges:

* H gh throughput. The many new users and the natural drive
towards matrix studies with many sanpl es rather than just one-sanple
feasibility studi es nmakes automati on and standardi sation a clear issue.
Most users would also demand that the tine it takes to performdata
anal ysis at hone is reduced from~1 year to 1 week or preferably
handl ed on-line (simlar to characterisation with e.g. electron

nm croscopy)
* In situ studi es. Conbined sectioning/electron mcroscopy

machi nes are now on the nmarket, with a spatial resolution of 50 nmor
better. This enphasise that the main role of the synchrotron will be in
dynam cs studies, as these by definition cannot be nade using invasive
tools. For in situ studies on line visualisation is crucial, in part to
steer the experinent ("having seen this global map I now want to focus
on this part of the sanple"”), in part to | earn whether the experinent
was successful ("did anything nucleate in this sanple during the heat
treat ment ?")

* Dat a handling. The conbi nati on of nore powerful
detectors/conputers and the wish for fast in situ dynam c studies
implies that we should expect >1 Th of data per day. Storing, reducing
and analysing this data on line is beyond the reach of any user and
requi res an APS strategy

In one sentence, it is widely recognised that the main limtations of
hard x-ray i magi ng today are software and detectors.

Suggest ed strategy

One nmay define 3 |levels of operation
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1. Basic interfacing:

There should be a standard way of interfacing all hardware: detectors,
furnaces, stress rigs, encoders. My suggestion would be via platform

i ndependent device servers, such as the TACOs devel oped by Andy CGotz at
ESRF.

There shoul d be one generally accepted program for basic control of
notors, interfacing to the device servers, data handling (directories)
and | oggi ng. There are a nunber of prograns, which all can do the job,
but | suggest spec, as | believe this is the one that nost people are
famliar with. (It may be that a ot of the spec functionality is
superseded | ater on by nore high-1evel prograns - see below - but one
needs from day one sonething robust for these key features.)

For commi ssi oni ng, debugging etc. APS should continue to rely on EPICS
However, the regular user should not have to deal with this [ow |evel
of control

The architecture should allow all data to be handled i nmediately by a
cluster, if needed.

Each i magi ng beam i ne shoul d be associated with one "interfacing"
expert. The ai mshould be that users sinply should not worry about
interfacing at all !

2. Image anal ysis and data reduction

There are a nunber of inmage anal ysis operations which are regularly
perfornmed on i mages. These include: visualisation, new data fornmat,
rotations/transformations, background subtraction, corrections for
spatial distortion and flat field, deconvolution wth point-spread-
function, normalization of intensity, screening, polar transform(so-
call ed caking), and identification and characterisati on of areas-of-
i nterest such as diffraction spots.

Al'l of these operations can be handl ed by an existing programlike

FI T2D, whi ch however is not well suited for high throughput. |nstead

t hese operations should be coded in nmachine | anguage for maxi num speed.
The aimis that such operations per default is perforned autonmatically
and that users nost of the time do not take hone raw data.

To be able to keep up with the input data - 2D detectors can read out
inmlliseconds - long-termit is probably needed to include
distributing i mages over a set of nodes in a cluster. However, a slower
anal ysis woul d be acceptable as a start (it is much better to be able
to see 10% of the data on line than 0%.

The user would need to tell which operations to include. This could be
done by a small primtive GQU or perhaps just in spec.

3. Data analysis

Data analysis in inaging is characterised by application of |arge
mat henati cal | y- heavy prograns |ike reconstruction, segnentation and
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grain mapping algorithns. The output are 3D renderings of the materials
i nvestigated. Follow ng that science specific quantification prograns
are applied which nmeasure geonetry, frequency, correlations etc.

Devel opi ng these algorithms is very nuch an on-goi ng task which
furthernore requires substantial resources and mathenatical insight.
Sone users will be interested in "standard products" like a filtered
backproj ecti on reconstruction in conventional tonography, while others
will arrive with progranms of their own or wi sh for other algorithns,
which for their particular case night provide better resolution or be
faster. Hence, | believe APS should have a dual aim

- maxi mum ease/flexibility for experienced users to bring own software
and get that fully integrated in the on line analysis chain

- identification of some standard tools for routine use and
optim sation of these with help fromthe rel evant expert users.

At ESRF, Andy Goetz has suggested a "plug-and-play" solution with a GU
based on Eclipse. This seens very powerful. In particular

- The QU itself is already made, is independent of the scientific
nodul es and includes 2D and 3D plots. This e.g. inplies that one should
be able to nmake first use of this programwith a relatively nodest
effort.

- It should be able to conbine spec conmands with the inmage anal ysis
operations identified in 2 above and with calls to user functions of
rel evance to 3.

- It allows for direct interfacing to MATLAB. MATLAB is in mmy view an
excellent tool for "on-the-fly" analysis.

- Each user can have their own GJ, such that the infornmation they get
on the screen is customsed to their needs and is the "sanme as | ast
time". First-time users can get a "standard GU "

In the 5-10 year perspective | foresee that the shear data-load will be
so heavy that one needs to approach the issue of data analysis and
reduction in the same way as it is done today in particle physics.
Sgren Schmidt and others at Risg has worked for the last 3 years on the
backbone of such a system known as FABLE

Finally I recommend that all software is open source, such that one can
take full advantage of specialised nodules witten by users and
parallel efforts at other synchrotrons.

| believe the above reconmendati ons woul d al so apply to beaniines
specialising in diffraction, including crystall ography.

St at us
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Being a user with a long-term proposal running at both sector 1 at APS
and beanline I D11 at ESRF nakes a direct conparison natural for ne:

I D11 at ESRF conpl eted phase 1 above >5 years ago and have nearly
conpl et ed phase 2. Wirk has just begun on phase 3. In contrast, Sector
1 at APSis presently still working on phase 1

(To be fair the group at APS has the edge on ESRF in other aspects,
such as optics.)
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Response from Stefan Vogt

Dear all,

here are nmy comments regarding your email on scientific software.
would like to point out that they are fromthe perspective of what | am
nost interested in, x-ray fluorescence nicroscopy.

Bef ore addressing specifically the points that are raised bel ow, |
woul d I'ike to make a nore general, but possibly sonewhat to the side
comrent .

It is appreciated that efforts are being put into devel opnent of
"scientific' software. However, | would like to point out that there is
"roomfor inmprovenent' in the software that is currently being used to
run the beamines, in terns of the efficiency of setting up scans, as
well as the ability to view acquired data. It seens ironic that one can
set up a 5 dinmensional scan, but that (to the best of nmy know edge) no
software exists to actually viewthe acquire data. O that | can find a
very irregular structure that | wish to scan, but a scan that | wll
have to set up, ends up scanning nostly enpty space, and wasting
beant i me.

Both have direct inpacts on the efficiency of operation

> In order to prepare for this workshop we would |Iike your input on
> what you see as the needs and opportunities for scientific
> software devel opnent at the APS and in the X-ray community, as

Personally, | believe that as the x-ray communities matures, and the
science applications are done in a fairly routine user node, we have to
not only have an optim zed beam ine, but nust al so support users in
data analysis, so that user's go hone with as nuch pre-anal ysed data as
possi bl e. Enphasi s should al so be placed on useability. | believe both
are particularily true for users fromcomunities that do NOT have a
physi cs background, etc (e.g., users fromthe life sciences).

wel |l as information that would support nmaking a funding proposa
for such resources. In particular

1. What are the linitations of current tools for

X-ray data reduction, analysis, nodeling, and sinulation?
we acquire 'raw data as spectra with counts/s, what our user's want in
a first approximation is quantified data, reduced to el enenta
concentration (e.g., mmol Zn). Then, one should be able to anal yse
| arge quantities of acquired data seni-automatically, and report
content for specific regions or areas across different scanned sanpl es.

>
>
>
>
>

This involves per pixel fitting of spectra, possibly nultivariate
anal ysis, cluster analysis, conparison to a claibration curve, etc.

Currently, | amnot aware of any tool that would allow one to do all of
this, in particular not across the different beaniines.
For sector 2, | have witten an I DL based software to do sone of this,

but it islimted inthat it requires the use of certain standards, and
is not routinely useable at other beaniines.
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> 2. \What additional tools are needed?

APS has a fairly |large nunber of mcrofluorescence beamines, either
present, or in planning/contruction. It would seema very good idea if
there was a supported set of software tools available / devel opped,
that would nmake it possible to performthe tasks outlined above, and
convert the acquired, raw data into 'useable', pre-analysed data for
users.

As a next step, for each type of experinent, one should have a nore
speci al i sed set of tools that allows one to further process the pre-
anal ysed data, e.g., segnment each acquired scan into specific (sinlar)
areas, and automatically conpare different areas for different sample
conditions/treatnments. This could be a cluster analysis or neura
network type nethod that would be able to work on scans of cells, and
separate theminto different characteristic subunits (e.g., background,
cyt opl ama, nucl eus), and conpare these across different treatnents.

For exanple, a typical user m ght be conming in and ask, O K., | have
the two cell lines, howis their elenmental content influenced by, and
how do they react differently to, a treatnent with this therapeutic
drug. The user will probably not care about that one needs to fit the
data in the first place, conpare it to a calibration curve, find
correspondi ng regions of the cell, extract that data, and then compare
the quantified data fromone treatment to the next. Al the user is
really interested inis in the result.

Additionally, tools that allow simulation of data from specinens, to
investigate feasiblity of certain studies wthout the need to spend
actual beantinme on it, should be avail able.

> 3. How can the existing tools be inproved?

nmet hods and software pieces for nost of the required functionality is
avai | abl e sonewhere, but it is not unified in any way. | believe one
shoul d i nstead have one COVWON pi ece of software that is useabl e across
the different beanlines that have similar needs. A user should be able
to use the same software tool (though possibly with different options),
for data that was acquired, no matter whether it was acquired in sector
2, 18 or 20; or, to go one step further, at APS, ESRF, or el sewhere.

>
> 4. What will nost affect the scientific inpact of your work?

accurate analysis of acquired data is a nmust if we want to remain
conpetitive. As the throughput of our beanlines increases, and the
quality of the data inproves, the analysis part is nore and nore of a
bottleneck. As a first step, | believe that (sem)-automated data
(pre)-analysis will be crucial (raw data -> pre-anal ysed).

The next step is then haveing nore sophisticated routines that allows
further processing with as little as possible user interaction, to
tackle |l arge datasets (e.g., conpare cytoplasmatic vs nucl ear el enental
content of 100 cells that were imged during the last run).

Cheers,
St ef an
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Dr. Stefan Vogt,

Experinmental Facilities Division
Advanced Photon Source

Argonne National Laboratory

phone: (630) 252-3071; beanline: -3711
fax: (630) 252-0140

e-mail: vogt at aps.anl.gov
http://ww. st efan. vogt. net/
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Response from Andrew Allen

June 21, 2006

Fundanent al needs and opportunities in scientific software systens for
x-ray data reduction, analysis, nodeling and simulation at the APS and
in the X-ray community:

1. What are the limtations of current tools for
x-ray data reduction, analysis, nodeling, and sinulation?

Many things are pieceneal and left to the user to sort out.

At sone beam|lines the basic reduction software is glitchy and | abor
intensive to use

There is no house style (hence standard) for x-ray data reduction

For data analysis the situation is frequently worse. | am aware of very
few data anal ysis packages, readily available to the user, that are
hone- grown at APS.

Frequently, the best course of actionis to go to other external web-
sites, frequently to ESRF - where there seens to be a | arge body of
anal ysis software built up specifically for ESRF users.

Clearly ESRF is very different in this regard; so are the US neutron
user facilities (at |east sone of theml). There are al so sonme bright
spots at APS, e.g., sector 33.

2. What additional tools are needed?

The cutting edge has to be with the high-G data-produci ng beam i nes
such as 34-1D, 2-BM etc:

Fromthe many discs of data obtai ned over a few days, how does one
extract the key results and salient conclusions within a few weeks?
This will require fast nmachines, |arge anbunts of nenory, and very
sophi sticated techniques to "mne" the data and pull together the
relatively small proportion that satisfies the "necessary" and
"sufficient" conditions for a successful result.

But NASA and NOAA have to do this all the tine. The APS shoul d consi der
setting up a partnership with these agencies (and others) in order to
bring sufficient resources to bear on this increasingly daunting
chal | enge. Having put into place sone strategi es and resources needed
to neet the challenge, it will then be essential to provide the users
with easy renote access to the data and to the processing system [I
think this itemcould formthe basis of a budget proposal.]

3. How can the existing tools be inproved?

Maj or manpower effort is required to wite reduction and anal ysis
software tools, together with appropriate manuals, that will guide the
user through to getting publishable results.

Thi s means individual personnel taking responsibility for the packages
produced, and interactively inproving/advancing the software tools with
an ongoing interaction with the user conmunity.

Very little can be just witten and left (orphaned!); there has to be
an ongoing interaction in the various experinent techniques areas.
Wil e software specialists may be needed, it is essential that the beam
line scientists adopt intellectual ownership of what is provided, but
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in such a way that it serves the user comunity, not just their own
sci ence.

4. \What will nost affect the scientific inmpact of your work?

Clearly, all of the above are relevant here, but | would add that sone
nore thought could be given to how data are noved around from
instrument to instrunent and even between techni ques.

As a crystallographic journal editor, | am becom ng aware of an

i ncreasi ng nunber of software submi ssions that are nore sophisticated
in handling data fromdifferent places, in different fornms, across
platforns, etc. It mght be worth the APS as a whol e deci di ng which
program | anguages wi ||l be supported, and then converting as nuch of the
data reduction and anal ysis software as possible to run on nany or al

of the supported | anguages and pl at f or ns.

| realize that the above sets out sone daunting tasks. However, to take
some or all of these issues on in a serious coordi nated way woul d put
the APS at the center of x-ray science on the world stage to a greater
degree than at present. Cearly, the ESRF has done this in Europe, very
successfully. The fact that many APS users look to the ESRF for their
data analysis tools says rather a lot! Ooviously, the APS could not do
the things |I suggest above without a very active and ongoi ng

col l aboration with its users.

| hope sonething here is of use!

Andrew Al | en

Dr. Andrew J. Allen, Physicist

U. S. Departnent of Conmerce

Nati onal Institute of Standards and Technol ogy
Bui | di ng 223, Room B206

100 Bureau Drive, Stop 8520

Gai t her shurg, MD 20899- 8520

Phone: 301-975-5982

FAX: 301-975-5334

E-mail: andrew allen at nist.gov
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Response from Sergey Stepanov

> In order to prepare for this workshop we would |ike your input on
what you see as the needs and opportunities for scientific

sof tware devel opnent at the APS and in the X-ray conmmunity, as
wel |l as information that woul d support naking a funding proposa
for such resources.

VV VYV

The need for scientific software can be proven by:

-- the statistics of X-Ray Server (http://sergey.gnta.aps.anl.gov) that
| have been running at the ANL since 1997. Although the Server
provides scientific software for a small subset of diverse X-ray
studies carried at the APS (nanely for high-resolution diffraction
and scattering in the field of material science), it has got close
to 130,000 cal cul ations requests from about 5,000 researches with
about 1,500 regular users who subnitted ten or nore jobs.

-- the existence of scientific software projects at sinlar facilities,

for exampl e:

(a) the 9-nenber Scientific Software G oup at the ESRF
(ww. esrf. fr/ UsersAndSci ence/ Experi nment s/ TBS/ Sci Sof t/ Menbers/).
The group is authoring w dely used software packages |ike XOP
and Fl 2D

(b) the DANSE (http://w ki.cacr.caltech. edu/danse/) scientific
software project at the Spallation Neutron Source for which

ORNL

requested $15M five-year grant and has al ready recei ved sone of
t hose noney.

(c) the popular software project at the LBL Center for X-ray Optics
(CXRO), see: http://ww.cxro.lbl.gov/optical constants/

(d) the CCP4 (Collaborative Computational Project Nunber 4) in
Protein Crystall ography at Daresbury | aboratory in UK
(http://ww. ccp4. ac. uk).

-- existence of many other scattered resources for scientific
conputi ng,
e.g. NI ST and LLNL dat abases, SHADOW at the University of
W sconsi n,
Bi 0SAXS software at EMBL Hanburg, and the attenpts of the
International Union for Crystallography to systemnmi ze them see very
long lists maintained by the 1UC at
http://ww.iucr.org/sincris-top/logiciel/
and
http://ww. iucr.org/iucr-top/datal

In particular:

1. What are the limtations of current tools for
x-ray data reduction, analysis, nodeling, and sinulation?
2. What additional tools are needed?

VVVVYVYVYV

3. How can the existing tools be inproved?
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>

Here | woul d suggest to draw a rough distinction between nostly
software projects and those were the physical nodel is the doni nant
part in the devel opnent.

The first group would conprise software tools and databases that are
based on wel| established al gorithnms and nodel s. The exanpl es coul d be
some scientific visualization and anal ysis software |ike GRACE or

FI T2D, databases of X-ray scattering factors, many macronol ecul ar
crystal | ography packages, and etc. The linmtations in this group are:
sonetines |lack of good interfaces, installation difficulties on

di fferent conputer platforms, poor documentation and the need of renote
access in sone cases. The inprovenents in this area would nostly
require software engineering effort.

To the second group | would refer nodelling and data reduction software
based on recent or ongoing research projects. This is very chall engi ng
part in terms of making such software available to the APS comunity
(see bel ow about the difficulties), but no doubts that building such a
pi pel i ne between the nost recent theoretical research and the
experimental conmunity at the APS would be the great way to inprove the
productivity of experiments at the APS.

Questions 1 to 3 in the survey nostly apply to the first group for
which they are certainly inportant. Wth the second group those
guesti ons cannot be answered because the "tools" are not known yet --
they may be just energing or may appear only tonorrow and no one can
[ist what has not been di scovered.

The nost inportant question for the second group is howto work out a
framework for quick interfacing new energing scientific software tools.
Sone attenpts of that kind have been made within the DANSE project.
Nanel y, they suggested to wrap pieces of data analysis software witten
by di fferent researches into Python scripts and that way to Iink them

t oget her even between different conputer systens. Thus, the origina
data anal ysis code would not have to be rewitten fromorigina

| anguage (e.g. Fortran or C) or ported fromoriginal operating system
(e.g. Unix, or Wndows, or Mac). This sounds attractive, but the
procedure seens to presune that the scientific algorithmis something
fully settled and the DANSE teamonly needs to replace the 1/0

i nterface. However, nobst of data analysis software is based on physica
nodel s and approxi mati ons that have their limtations and those
[imtations are not always clear until one starts getting sone weird
results. This is a critical distinction fromsoftware inplenmenting pure
mat henati cal algorithnms (e.g. in crystallography). So, the progranmer
who nodifies the original code will never be able to figure out what is
wrong: he may see that the calculated reflection coefficient is e.g.

25, but it would not tell himanything because the "formla" was
programed correctly!

Therefore, | would suggest creating a framework with a cl oser

i nvol venent of original developers into providing a comon interface to
their software. The Scientific Software group that should be created at
the APS needs to consist of both software engineers and X-ray
theorists. The latter are needed in order to understand the nodels.
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That group coul d devel op sone scientific software on its own, but it
shoul d al so closely work with each scientific software provider on

i ndi vi dual basis hel ping him her to adapt his/her software to a common
interface that needs to be defined within the franework. The ultinmate
goal should be to preserve the Iink between the original devel oper and
the nodified code, so that he/her would still have it under conplete
control, be able to nonitor usage/bugs and refine the code by hinself.
I have very strong proofs based on my |long term experience that
preserving these links is vitally inmportant for making the scientific
software project efficient.

Thanks,

Sergey Stepanov

Sergey Stepanov, Ph.D.

Staff Scientist, GV CA Col | aborative Access Team

Advanced Photon Source, Argonne National Laboratory

Emai | : sstepanov at anl.gov Voi ce: +1(630) 252-0664
http://sergey. gnta. aps. anl . gov Fax: +1(630)252-0667
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Response from Dean Haeffner

1 & 2. There are so many limtations, that space will not permt
anyt hi ng approaching a conplete list. First, | don't think data
acquisition should be left out of this list. Many of our problens have
to do with coordinati ng nmacros, detectors, sanple environments,

notions, etc. for collecting data, and this is by no neans at a

sati sfactory state. Mst beamines do not log data in a satisfactory
way, even though the tools basically exist. In many ways, it is nmuch
nore inmportant than the four |isted, because the beanm ines rmust perform
that task, while the others can be off |oaded to users to sonme degree.

The lack of a widely accepted data format is a persistent problemthat
has been the subject of talk, but little action for at |east 12 years.
Standard analysis tools (e.g., Fit2D) have |argely been taken from
other facilities (the ESRF in particular), and as such, are usually not
tailored to the APS in way. A suite of robust analysis tools should be
avai | abl e, though sone users will always prefer their own.

| think nodeling and sinmulation is largely in the domain of the user
and the APS cannot hope to do nuch to nake nore than a few users happy.
There nay be a couple of exceptions to this, but generally | think we
shoul d focus on acquisition, reduction, and basic anal ysis.

3. Acentralized effort is needed, presunably fromthe BCDA group
Tool s that are devel oped need to be better publicized, and
docunent ati on (especially the webpage) must be much inmproved. No
effort will please everyone, but sone prograns such as SPEC are so

wi dely used that it is possible to help a |ot of people. For the case
of SPEC, many macros exist around the APS, and nuch could be gai ned
from devel opi ng a way of sharing this software. Snmall focus groups on
particul ar software packages might be very helpful. A few pizzas can
go a long way to further comruni cation. Also, to strongly natrix the
BCDA group to beamines would help. Cearly nore personnel are needed
before this can ever really be inplenented well. A good goal would to
be 0.5 FTE per sector.

4. More people doing software & hardware devel opnent directly working
with beanline staff and users.

Dean
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Response from Matt Newville

| see two main areas that the APS could focus on to really help the
Users need for scientific software

First, the APS coul d hel p devel op and encourage use of a comopn set of
tools for staff and Users to wite software in. | wouldn't exactly
call it a Framework, but that mght be close to the idea. The primary
needs here are visualization and data handling, and so probably ARE
closely related to data collection. | think the APS should not try to
dictate a "Total Solution" by itself, but provide basic tools (and
support and docunentation for thenm) and to foster the devel opnent of a
conmmunity for x-ray software.

Personal ly, | think the APS shoul d encourage and pronote the use of
Python and C for this work, but that bridges to other |anguages must be
avail able (or fairly easy for sonmeone else to nake). That is, | think
Java (or .NET) would be poor choices for getting community invol venent
from User scientists. I think we should be | ooking beyond the x-ray
and neutron comunities as well (astronony and conputational chem stry,
bi o-informati cs, and geographic information systens cone to nmind), as
many of the tools needed are fairly comobn to many scientific fields.
As a first priority, | think that enbracing the challenge of a good
data visualization package for 1-D, 2-D, and i nage data woul d be the

ri ght goal

Reasonabl e starting points exist and are actively devel oped and
supported in Python:

http://scipy.org/

http:// matpl otlib. sourceforge. net/

Second, and conpletely unrelated to the discussion above, the APS could
support a "User Facility" level interface into nodern conputationa

chem stry and physics codes, such as for DFT cal culations. Mich of the
wor k done at the APS could greatly benefit from having a conputationa
conponent .

Several groups are doing such work now, but the barrier to these DFT

and ot her codes can be pretty high. 1'd guess that nost people
i ncl udi ng such calculations in their work are collaborating with
conput ati onal chem sts. It would be easy to say this is howit should

be, but just as the APS provides support |abs to users for sanple
preparati on and sone detectors and ot her equi pnent for general use, it
m ght be worth considering having a supported User Computational center
for such high performance conputations.

--Matt Newille <newille at cars. uchicago. edu>
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Response from Paul Zschack

Thanks for the opportunity for input.

Cenerally, it seens to ne that area detectors which handl e
crystal | ographic data will becone nuch nore widely used. Not only the
| arge CCD detectors, but snaller devices that nount to a gonioneter,
and will need to be integrated both for ease of use and data anal ysis.
So, | suspect one of the nore significant inpacts one could have on
data reduction/anal ysis woul d address and antici pate these needs.

The wide variety of conmercially avail able data analysis software tools
is a najor problem Too many different users have their way of doing
things and this diversity is a distraction. |If APS would select a

si ngl e product platformand of fer support for common tasks, and

di stribute common routines, this would becone the platformto which al
woul d eventually migrate (at |east to sone extent). But | see you've
al ready recogni zed this.

In the area of general purpose and surface/interface scattering, the
experimental needs are quite diverse. So, tools that allow easy access
to and visualization of nulti-dinensional (MCAs, areas or volunes) data
in reciprocal space are inportant. This is generally not image data,
so additional processing and reduction is required. For a user to know
that the data collected is correct, the routines for visualization and
conparison with nodeling data are al so essenti al

Successful integration of data collection, extraction, and conparison
to nodels in a straightforward approach that doesn't require specific
experti se woul d make a significant inpact to the productivity in our
ar ea.

Wth regards,
Paul
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Response from Brian H. Toby

> 1. What are the linitations of current tools for
> x-ray data reduction, analysis, nobdeling, and sinulation?

Powder diffraction (Rietveld) software is quite well devel oped and
sophi sticated, but it has been witten with experts as intended users,
so it tends not to do nuch input validation and does not do rmuch "hand
hol ding". It has not been well integrated into data collection on user
instruments, so we frequently see the question "how do | convert data
frominstrunent X to format Y."

> 2. \What additional tools are needed?

The ability to fit nodels against multiple techniques (EXAFS, NWR
El ectron mcroscopy, quantum...).

>

> 3. How can the existing tools be inproved?
>

The prograns thenselves are nonolithic and this limts science. W now
want nodul ar software so that analysis can be knit together as needed
by the experinent. Further, existing codes are witten in Fortran-77,
which is very hard nowto nmaintain or expand. It is time to think about
starting a new anal ysis package fromthe ground up

> 4. What will nost affect the scientific inpact of your work?

| mpacts should be very significant. New codes that designed to be used
by non-experts will open the technique up to a very w de range of
users. Ability to work on problens where diffraction data al one are

i nconcl usi ve, but where other physical characterization data can be
nodel ed will allow for nmuch new science to be done on very conpl ex, on
poorly ordered or small crystallites problens that are frequently

i ntractable now.

Bri an

khkhkkhkhkhhhkhhhkhhhkhhhhhhhhhhhhhhhhhhhhhhhkhhhkhhhhhdhhhdhhhdhhhkhdhkrdhrrkdrkk*x

Brian H Toby, Ph.D. of fice: 630-252-5488
Materials Characterization Group Leader, Advanced Photon Source

9700 S. Cass Ave, Bldg. 433/ D003 work cell: 630-327-8426
Argonne National Laboratory secretary (Kristy): 630-252-5453
Argonne, |L 60439-4856 e-mail: brian dot toby at anl dot gov
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Response from Ersan Ustundag

Dear Pete and Ken,

I hope you can still accept ny response (see below). | have been in
Turkey over the past few weeks for a somewhat urgent famly trip and
did not get a chance to communicate with you in nore detail. Just
before |I left, we had sone concrete ideas about specific steps we can
take to denonstrate the feasibility of a seed (pilot) project. | hope
to discuss those with you upon nmy return to the US next week.

By the way, | amdefinitely planning on attendi ng the workshop. Al the
best . ..

Er san

--- Ersan Ustundag ---

1. What are the linitations of current tools for
x-ray data reduction, analysis, nobdeling, and sinulation?

The current tools are nostly ad-hoc solutions to i nredi ate (and
sometines not-directly related) problens and cannot be easily
integrated for efficient work.

2. What additional tools are needed?

Basically, we need an integrated software that will allow COVPLETE
experiment sinmulation (including realistic x-ray optics and sanpl e
contributions), fast and real-tinme data analysis and nore inportantly
i ntegration of advanced material s nodel s.

3. How can the existing tools be inproved?

We have to use a common platform (such as Eclipse or Pyre) to bind
exi sting tools and then add new code for further analysis and nodeling.

4. What will nost affect the scientific inpact of your work?

Sophi sticated integration of nodels to data anal ysis woul d be the nost
crucial step. This should be done in a way to guide data collection via
nodel i ng.
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Response from Andy Howard

Hel | o survey organi zers,
We have been asked by the XSD Division to organize a workshop to
det erm ne our fundamental needs and opportunities in scientific
software systens for x-ray data reduction, analysis, nodeling and
simul ati on. The workshop has been schedul ed for August 29, 2006
at the Advanced Photon Source.

what you see as the needs and opportunities for scientific

sof tware devel opnent at the APS and in the X-ray conmmunity, as
wel |l as information that woul d support naking a fundi ng proposa
for such resources. In particular

W realize you have a busy schedul e and appreci ate your taking

time to address these issues. W need the responses by
> Thur sday, June 22. Please direct your responses to:
I"'msorry | didn't respond sooner. | was caught up in preparations for
t he ACA Summer School (acaschool.iit.edu). | spoke briefly with Pete
Jem an on Wednesday, and he said that sone responses woul d be usefu
even at this late date. Prof. Wang had al so asked that we at SER-CAT
pool our reconmendations, and my non-response was partly a matter of an
inability to get together with the other potential responders from SER-
CAT.

>
>
>
>
>
>
> In order to prepare for this workshop we would |ike your input on
>
>
>
>
>
>
>

> 1. What are the limtations of current tools for

> Xx-ray data reduction, analysis, nodeling, and sinulation?

Wthin macronol ecul ar crystal |l ography the tools for these purposes are
actually fairly mature, although of course there are opportunities to
make them better. As a devel oper of crystallographic data processing
software | have a fairly nmajor stake in inproving what's out there.

Qut side of crystall ography | wouldn't pretend to any particular
expertise, apart froma bit of hard-earned experience with beanline
control systens.

Sone of the nobst serious problens are integrative rather than
algorithmic. Cetting data obtained in one context (e.g. fluorescence-
scan information) into another context (e.g. the conduct of a
nmul tiwavel engt h anonal ous diffraction experinent) is often cunbersoneg,
and the routes required vary fromone beanline to another or even from
one experimental situation to another. |I'm pessimstic that any group
coul d enforce standardization of such integrative tools in a way that
woul d be wi dely adopted even within one synchrotron, nmuch less in a
conmuni ty-w de way.

Anot her issue is commercialization. Many of the nmpbst useful tools for
crystal | ographi c data mani pul ati on are commercial, and licensing is
of ten cunber sone and expensi ve. For each sector or beanline to have to
negotiate contracts for functional software is consunptive of tinme and
funds. If there were a way that the entire facility could take charge
of such contractural issues, the resident users would be able to devote
their human and fiscal resources toward neeting other needs.

> 2. What additional tools are needed?
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Integrative tools (see above); tools for unbiasedly conparing the
results derived fromone crystallographic facility with those obtai ned
at anot her.

> 3. How can the existing tools be inproved?
Site licenses (see above); nore conversations between devel opers and
users to determ ne optinal upgrade paths.

> 4. What will npst affect the scientific inpact of your work?

The flip answer | could give is "nore rapid adopti on by other beamnlines
of my software," but a better answer woul d be "cl ear-eyed eval uati on of
data quality for crystallographic data sets derived fromnultiple
beam i nes. "

Warn y
Andy Howar d

/ Andrew J. Howard, Assoc. Professor of Biology, CSRRI \
| Biological, Chemical, & Physical Sciences Departnent
| Coll.of Sci.&ett., Illinois Institute of Technol ogy
| 3101 South Dearborn Street, Chicago |IL 60616 USA |
| Co-director, IIT Masters in Health Physics program |
| phone: 312-567-5881; fax: 312-567-3576

| d

e-mail: howard at iit.edu; web: csrri.iit.edu/~howard/ |
\ /
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